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INTRODUCTION
In the eyeball, a very weak electric current runs
from the corneal toward the retinal side, and there is
always a potential difference called the retinal rest-
ing potential (RP). RP in the normal human eye was
first observed by Dewar in 1877 and subsequently
studied by Schott, Miles (1, 2) and Arden (3, 4),
and a record of RP was termed an electrooculogram
(EOG) by Carmichael and Darborn (5).
At present, EOG is used for the evaluation of ocu-
lomotor abnormalities such as nystagmus, strabis-
mus, and supranuclear oculomotor dysfunction (6,
7). In addition, EOG is recorded for a long time
with changes in the adaptation state, and used for
the examination of the function of the retinal deep
area such as the retinal pigment epithelium based
on changes in its amplitude (8, 9).
However, since EOG is affected by measurement
conditions and environments, its reproducibility is
not always high. One of the associated errors con-
cerns the influence of the potential from the other
eye, i.e., cross-talk.
We have performed studies to increase the ac-
curacy of EOG. In conventional EOG, the potential
difference between the medial and lateral canthi
is measured, as shown in Fig. 1. We have reported
that the eyeball can be analyzed as a battery model
(10). In the battery model of the eye, the electrode
potentials at the medial and lateral canthi are sepa-
rately calculated, but we calculate the potential dif-
ference between them to be consistent with the con-
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ventional method. However, in EOG recording,
there are influences of the potential from the other
eye called cross-talk. When there is a marked differ-
ence in the resting potential or ocular movements
between the left and right eyes, cross-talk should
be considered (11, 12). For the evaluation of cross-
talk, not the potential difference between the me-
dial and lateral canthi but the potentials of individ-
ual electrodes should be evaluated. As shown in
Fig. 2, we placed negative electrodes on the body
and positive electrodes at the medial and lateral can-
thi, measured their potentials separately, evaluated
their characteristics, and analyzed cross-talk.
SUBJECTS AND METHODS
1. Subjects
To evaluate the characteristics of an improved
EOG recording method, examination was performed
in 6 healthy subjects without organic eye disorder
other than refractive errors.
Subsequently, examination was performed in 6
adults (2 males and 4 females) with anophthalmia
after unilateral enucleation due to various reasons.
In all 6 subjects, the visual acuity in the normal eye
was good, slit lamp biomicroscopy or funduscopy
showed no abnormalities, and there was no history
of operation. Table 1 shows the age, sex, side of
anophthalmia, and its cause in each patient. Con-
sent for cooperation was obtained from all subjects
after explaining the purpose and contents of the
study.
2. EOG recording method
Fig. 3 shows a scheme of the experimental sys-
tem (13). We previously reported this system, but
changed the sites of electrodes in this study, plac-
ing positive electrodes at the medial and lateral can-
thi and negative electrodes at the earlobes so that
the potential from the body was zero. EOG poten-
tials were obtained using silver-silver chloride disc
electrodes (small-type bioelectrode, 12 mm : Nihon
Kohden, Tokyo, Japan) attached to 4 sites of the me-
dial and lateral canthi using paste. The negative
electrodes were attached to the earlobes. The po-
tential between the medial canthus electrode and
earlobe was regarded as the medial canthus poten-
tial, and that between the lateral canthus electrode
and earlobe as the lateral canthus potential. De-
tected potentials were amplified (time constant,
3.0 sec ; high cut, 10 Hz) using an alternating cur-
rent amplifier (AN601G : Nihon Kohden, Tokyo,
Fig. 2 Improved EOG
The potential of medial and lateral canthi is measured sepa-
rately.
Fig. 3 Experimental system
Table 1 Characteristics of subjects with unilateral anophthalmia
Case Age Sex Side of anophthalmia Cause
1 56 Female Right Trauma
2 65 Male Right Trauma
3 40 Female Left Retinoblastoma
4 66 Male Left Unknown
5 20 Female Right Glaucoma
6 73 Female Left Unknown
Fig. 1 Conventional EOG
The potential difference between the medial and lateral canthi
is measured.
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Japan), passed through an A/D converter (resolu-
tion, 12 bits), transferred to a computer (PC9801 :
NEC, Tokyo, Japan), and simultaneously recorded
as analogue waves using an oscillographic recorder
(Omniace RT3100, 4 channels : NEC San-ei Instru-
ments, Tokyo, Japan).
In the experiment, 2 visual targets placed on a
semi-cylindrical screen 50 cm in front of the eye
were alternatively blinked at 1-second intervals, and
potentials resulting from their tracking were meas-
ured. The eye movement angle ranged from 5to
50and was symmetrical.
3. Cross-talk calculation method
The cross-talk value was evaluated by comparing
potentials between the electrodes. The character-
istics of cross-talk were analyzed in terms of the ra-
tio of the potential of the medial canthus electrode
on the normal side to that of the medial /lateral can-
thus electrode on the anophthalmia side.
RESULTS
1. Measurement in healthy subjects
Fig. 4 shows EOG waves obtained when the sub-
jects with bilaterally normal eyes moved each eye
symmetrically (20from the front). The horizontal
and vertical axis represents time and EOG poten-
tial, respectively. At each angle, the potential at the
medial was lower than that at the lateral canthus
in the bilateral eyes. The polarity of waves at the lat-
eral was reverse to that at the medial canthus in the
bilateral eyes.
Fig. 5 shows a graph with eye movement angle
on the horizontal and EOG potential on the vertical
axes. In the figure, the right direction indicates plus,
and the left direction does minus for ocular move-
Fig. 4 EOG waves obtained when the subjects with bilater-
ally normal eyes moved each eye symmetrically (20from the
front).
Fig. 5 6 subjects with bilaterally normal eyes
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ments. When attention is paid to the potentials of
the medial and lateral canthus electrodes in the
right eye, the potential detected at the medial was
lower than that at the lateral canthus at each angle.
In the left eye, similar findings were obtained. The
polarity of the potential at the medial was reverse to
that at the lateral canthus in the same eye. These
findings are summarized as follows :
1. The potential detected at the medial was
lower than that at the lateral canthus.
2. The polarity of the potential at the medial was
reverse to that at the lateral canthus.
2. Measurement in subjects with unilateral ano-
phthalmia
Fig. 6 shows EOG waves obtained when the sub-
jects with right anophthalmia moved each eye sym-
metrically (50from the front). Fig. 7 shows the
results with right anophthalmia. The potential of
the right lateral canthus electrode was very low and
almost zero at an eye movement angle of20. The
potential of the right medial canthus electrode was
also low but higher than that of the lateral canthus.
The polarity of the potential was the same between
the medial and lateral canthi. These potentials are
those from the left eye (cross-talk) since the right
was an anophthalmia. In the normal left eye, the
polarity of the potential at the medial was reverse
to that at the lateral canthus. Other cases showed
the same results. The results are summarized as
follows :
1. On the anophthalmia side, the potential at the
lateral was considerably lower than that at the
medial canthus.
2. On the anophthalmia side, the polarity of the
potential was same between the medial and
lateral canthi.
3. On the normal side, the polarity of the po-
tential at the medial was reverse to that at the
lateral canthus.
3. Analysis of the characteristics of cross-talk
Table 2 shows cross-talk values during eye move-
ments at 5increments in angle. Since potentials
Fig. 6 EOG waves obtained when the subjects with right
anophthalmia moved each eye symmetrically (50from the front).
(case 2)
Fig. 7 Results with right anophthalmia(case 2)
Table 2 Cross-talk
Case
Eye movement angle Average
(30?50)5 10 15 20 25 30 35 40 45 50
Potential of the medial canthus electrode on the anophthalmia side/ Potential of the medial canthus electrode on the normal side
1 0.617 0.515 0.539 0.533 0.550 0.561 0.527 0.545 0.544 0.523 0.540
2 1.227 0.326 0.281 0.250 0.236 0.230 0.232 0.223 0.214 0.216 0.223
3 0.381 0.178 0.111 0.082 0.072 0.094 0.070 0.047 0.082 0.140 0.087
4 0.224 0.133 0.407 0.408 0.149 0.256 0.262 0.258 0.384 0.382 0.308
5 0.182 0.177 0.151 0.135 0.140 0.140 0.147 0.134 0.135 0.109 0.133
6 0.130 0.168 0.226 0.165 0.166 0.172 0.169 0.183 0.185 0.175 0.177
Potential of the lateral canthus electrode on the anophthalmia side/ Potential of the medial canthus electrode on the normal side
1 0.140 0.110 0.083 0.100 0.073 0.091 0.109 0.137 0.165 0.203 0.141
2 0.773 0.442 0.391 0.114 0.273 0.273 0.245 0.143 0.091 0.093 0.169
3 0.190 0.089 0.074 0.041 0.048 0.053 0.047 0.036 0.037 0.047 0.044
4 0.340 0.251 0.105 0.093 0.104 0.092 0.084 0.067 0.064 0.073 0.076
5 0.066 0.062 0.069 0.049 0.069 0.058 0.068 0.073 0.073 0.121 0.079
6 0.371 0.245 0.330 0.135 0.120 0.126 0.119 0.123 0.109 0.094 0.114
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were low at an eye movement angle of25, caus-
ing marked errors in the ratio, the mean values from
30to 50are shown. The mean cross-talk to the
medial canthus on the anophthalmia side was 0.087-
0.540, i.e., 8.7%-54.0% of the potential at the medial
canthus on the normal side. The mean cross-talk to
the lateral canthus on the anophthalmia side was
0.044-0.169, i.e., 4.4%-16.9%.
DISCUSSION
Measurement in the normal subjects in this study
showed a lower potential at the medial than at the
lateral canthus. Since the medial canthus electrode
was close to the cornea as the positive pole, we ex-
pected the potential of the medial to be higher than
that of the lateral canthus electrode. However, the
result was the reverse of this. This phenomenon
cannot be simply explained using the conventional
battery model of the eye. As a cause, the influence
of cross-talk can be considered. Since the polarity
of the potential at the medial canthus of the normal
eye was reverse to that of the anophthalmia eye,
there is a possibility that the potential is reduced due
to cancellation by the influence of the other eye.
Cross-talk is the influence of the potential of the
other eye and is also called the contralateral effect.
Miles (1, 2) observed the influence of one eye to
the other based on EOG records in 9 patients with
anophthalmia. Imaizumi (14, 15), Ogita (16) and
Kelsey (17), et al . also reported the influence of
the potential of the other eye. Cross-talk presents
few problems when bilateral eyes are normal. How-
ever, when there is a marked difference in the rest-
ing potential or eye movements between the left
and right eyes, cross-talk can not be ignored in the
analysis of fine movements and should be elimi-
nated in EOG recording. The methods for the meas-
urement and elimination of cross-talk were first re-
ported by Thijssen (18), who reported a cross-talk
of about 12% (-18.4 dB) in a unilateral eye movement
method using convergence and about 16% (-16.0 dB)
in a method for the evaluation of changes in the
resting potential with the eyes placed in different
adaptation situations. Kubo, et al. (11, 19) asked
subjects to gaze at one point with one eye, meas-
ured the potential (cross-talk) in the fixed eye dur-
ing forced adduction and abduction of the other eye
by applying an aspiration contact lens, and also de-
vised its elimination method. They reported that the
mean value by their method was -16.4 dB. Itsuki,
et al. (20) asked subjects to fix one eye on one point
and measured EOG via multiple electrodes during
forced adduction and abduction of the other eye
using an aspiration contact lens. As the result, they
observed the influence of the electrode site in the
detection of contralateral EOG, and reported that
the mean cross-talk was 17.8% (-15.0 dB) when the
electrode was placed 20 mm temporal to the lateral
canthus.
In previous studies, EOG was recorded merely as
a potential difference between electrodes without
consideration of the potentials of the electrodes
themselves. We previously reported that the poten-
tial of each electrode can theoretically be calculated
using a battery model of the eye and formula, and
have compared the characteristics of potentials ob-
tained using the theoretical formula and those of
values obtained by measurement (10). The meas-
urement and evaluation of the potential of each elec-
trode allow the evaluation of changes in potential
associated with eye adduction and abduction. As
shown in Figs. 4 and 6, differences in the phase of
waves can be clearly observed.
In this study, EOG was parallel to the eye move-
ment angle until about 35, but thereafter, showed
a certain degree of saturation. Assuming that the
eyeball can fully rotate in the horizontal plane, the
potential theoretically reaches a peak when the eye
is rotated by 90, and becomes zero when it is ro-
tated by 180, bringing the cornea to the site of the
retina. However, eye movements50are consid-
ered to be still linear. The saturation observed in
this study may be because gazing at visual targets
approaching the periphery of the visual field is dif-
ficult at a visual field angle of  40. In this study,
visual field angles  40were also included in the
calculation of cross-talk because the calculation of
the ratio presents no problems even if eye move-
ments are inadequate.
The results of this study showed the marked in-
fluences of cross-talk on the potential at the medial
canthus. Since the degree of influence was consid-
erable (8.7% -54.0%), cross-talk in EOG analysis can-
not be ignored. In contrast, the influence of cross-
talk on the potential at the lateral canthus was slight.
Therefore, in the analysis of cross-talk, attention
only to the potential at the medial canthus is nec-
essary for its calculation. When attention is paid to
the potential at the lateral canthus, results with mini-
mum errors due to cross-talk can be obtained.
The cross-talk value varies among subjects, due to
the sites of attachment of electrodes (4) and indi-
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vidual differences (21). Further studies in which the
sites of electrodes are clearly mentioned are nec-
essary.
CONCLUSION
We recorded EOG by an improved method in
normal subjects and patients with unilateral ano-
phthalmia. This method allowed the evaluation of
EOG characteristics according to electrodes and was
useful for EOG analysis. The influence of cross-
talk of the other eye was marked at the medial but
slight at the lateral canthus. In EOG recording, re-
sults with minimum errors due to cross-talk can be
obtained by paying attention to the potential at the
lateral canthus.
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